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i-int . iitpurt.   ... Pro hi— b *..6 

b JcimiiJry 19^4 

I 

1.      As rdviUesLtu oj  Tne Proving neuter, Aberdeen (APG 470.5/7^3^ - 
RtB 4V0o/t>t>Ö7(r)j  «ad Tejik Autoiuut-ive Center ^T^J ^5I.«.VA-«-4i - 
Wtn t.7Q.5/y/Ju{r)), aeU-^luji^ici.x tiWIritliTP has  been com^ieted on 
atunpies ol" ei^nteea (18) Ij"  tfaicjc "struieiat,-awt.1y" r^lxttd plates 
mtifmiuctured D^  tne Great L^kes Steel Cor^orutiun.    The piates were hmtkt 
treated siiaixurly  to u^proxi^Hcei./  tue Gi^ie crinej.1 aaxonesa range txnl all 
plates oere iroik neat niüuber 9-13945«    öctixi.ätic  tests are reported In 
Armor Test Keport KD-i)55.    Tne plutes were testeu US a pt.rt of a prograa 
at The Proving Center  lo cumpare the saocjL resisUince ol crcds cxy-led armor 
with that ol "Ptraight-aiiuy" roiled ura.ar.    Tfixv ^tftlsttliü: ph^se ot the test 
covered only  tue  testing ol   'struight-yway"  rolled armor.    When cracJclng 
occurred in  the  c*aiiJtic  test,   •.eae ctfttOkf miMyi i  llowed the direction 
ol rolling.    Tals laci indicates that tnia type ol urmor has less resistance to 
shock in that direction. 

'4,      lie tailor gicul tests Inalc^tec  thmt the direction of rolling *as 
incorrectly ueaignutea c^   the uiumlacturer on plates numuers ^Al, 3B, ID, 
4C,  4,  j>, 1, 2B,  3D.    rtith tne exception ol plates tamibers «IC, <:b, 3B, and 
ID,  the plates were of jatisi^ctur^  steel quality.    Apparently tneae lour 
plttes which naa u "D"  iracture were roxxed Ircu the se^re^ted portion 
of  tue ingot.    AJ-L plates witn the exception ol pxute number 1 naa a 
licrous fracture,  indic<-.tinb Uut tne bmi nee of tue pic.tes were satisfactorily 
neat treateu.    Xnis cn^röCterifatic «M assuci-aed witn K lüicroSbructure 
of esseiitiaxiy tetupered uiartensite witn tracea ol intemediate teuperature 
tr^nsloraation proaucts. 

Uardneas surveys iuaicated tne center ol twelve plates to have 
a fariuexl uardness ul ^81 ^-öV,   .'.uioh was loM dQ puiuts higher tnan that 
reporteo  tj  tue «tanulaoturer on tue sui'lac-i ol tne plt-tes and wiiicn in 
some cases was s^ae i<. -lb ^oints nibner  tu^n Uu.t ^wtcinea near the Lmrlace 
at this arsenal.    App^aenUy,  in several iu«UJic«8, tne u^nuiacturer dia not 
remove all tne aecarburization un  tne auricct ol   tne p*u.ted previous to the 
nardness detemänutions.    The relt.tive^  uxguer n*ucaie8e at the center of 
soifie oi   the ^.l<.tes waa  jorrexetea witn au increase la tne yielu strengtn as 
comparyu witn tnese values deter^laeu i*aiiwuy D«tweeu tne center ana surlace 
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M«ta.4.iurt5io^ tfx— . si&WL al  UM i^^o^in^ t«sUii 
i 

.-.     rrcuu'e Test» i^r SL«*«A 4j*kx*ty. 

_£.    Tsnsii» Icsts  UüMfi in UM iorifci-udim-j. u/iu tr«iniv»r9« 
directions yi" a*t«piea i'roja UM ceuter Mid iitj.twtgr  bet«e«i the center end 
the surface.■ 

4 

d.    Microactvic Jjjc-~aj.ii>.'i*un 

.,.       me lesuj-te ^*   tiM uDovt  wwstd xu awtaj-x a^e prw^oateu  be^-uw; 

Ü*    ifrdcta^e ZgHt --:' --'tee* ji^jJ^kjC' 

iiciiupibo d'1 x 3" in size JUL irua La© ioiigituainux und  troiiB- 
Vttrit MCwcos «arc notcbMl U'tüisvüraüx/ to  «ue ioü6 Htniinn to u depth 
ol  ;i^^ruxxati.tex/ 3/<;i, on uotn d^u^s -aa oruicea txosly xinvier e iji^u press. 
Tue rttultf .>t   «ne3e t.ea^s ure ^vei. la T_oie 1.    Apparently piutes kC# ^B, 
3b tt-ud ID «ere ru^xtsu iroa .lögre^tea portlooa o^.   uao xn^ot a^nce tnese 
piatos suüÄüu rfviuüiice jl «axcesdive x .idia^t,xjns in tne irocture.    The 
bai-nce oi  tJM p-u-tes «ere rel*ti,vexy lYee iroa these aeiects.    P^ate No.  1 
8hü*i«d oVi.u«aoe oi crysu^iXiait^  in the iructure w.iixe  tan ualance oi UM 

piutes were ail fibrous,  ua brofcM uaaer tne aj.ow rute oi ioad appxicatiou 
by  tue press. 

b.    nriicxx iUraaes!:- 

Tne results ot  the tfriaexi a.iraaesö v^sts v.re fi-ver4 in 

i ..^e II.    In ^enerux,   tae brxnexx nuidae^a vaxue.s reportea by tne 
u«a.nul..cturer were xower  uwi ta^se oou.iaed mX Unis axseiMlt    Pit,te Mo. 1, 
wnica Wu.3 iiapro^erx/ ^ueacatja KS reveaxuu \~j  iLa ^artl«.ily cr/sttiiiine 
fr-cture,  uad t:.e xowest a^rauess oi   UM series.    Tne  ociicince ol   t^e 
pistes were feArly QRiiom xn bbTdtMMi  tküt ia,  i'roa ^iate to rxöte and 
also ».iun^ ^ne crwwS section ox  ecca ^x-te. 

£•     Veaa^x«  ifcatb 

Tne resu-wS vi   UM  tlitlit  teats ^re anown xn Ta'al« III.    In 
^enerai,  tne directi^n^j. ^ro^ertxej oi  une "strai^nt uwoy"  rox^ea aj.teri(*i 
were reixacteu  uy tae ^uyaic-i-x rropcrtxes abtukiHi in tne ionftiVxaina-. 
and transverse airectxoas.    Inia «as ^artioxuurx^  true in tae case oi the 
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poor CjUk.ii/ pi«to«. 

iaa ro^^ilvo il^hor i*^i\Uiesa z^^urtoo *.t u^t c«at«r ol  soao 

•^••a »4tT   ...  L ■ '«;-»• j.n ta« ^Ae*u •trott^Ui vtiuei.    uuicrwis«, no 
partidy»   r ^-.i iv-Ms»« .-- aet,eclcs. im  Vßc , VJi^-'— rrJr«rwi«c a«iid« tit U*« 
c«*nt«i   t.i.u   i% nu*ivi>y  Ufetweeii  u;.e .eutoi- i.aa surft-ce ol" tau ^utes. 

Fructiira fasLS üCU reasiie TSB-ö OUU* ta^l too directiori of 
roLkiiifc «e.s iuc^i rfecoi-y ioaiC«wod -^   toi ■oBUi'&cteroS' on piatet tiuubcr» pAl, 
3fa, ii>, 4w, <,,  j, *, ^w, ^D. 

f"i6Tü-e8 i >  incai.iive ilxadcrate tne avtsr^e amount ol' non- 
aeUx^iic iiiüiuaioua proaent, la vae ^^zos.    öevsrtx.i.  utJiUa ol alutlnua oxid« 
were j.reseat xii pi.-ta JU.    Tue  Li.^t.ace ui  tae p^atoa conWiaea lioe eloagated 
non-mott.xjiics cö^vciaLBa in «uta/  uuees wxta ^irconiiua nitrtae. 

ii^ures *♦-6 inclueive ixiuatrc-t« Uie typici^i alcroatructure 
ol  tue a^mpieH.    mtu tnu «äxce^Civia ul piAtO auiM^orü * —'— ID tJU ».xt.tes 
exhitiueo a  LtMk^üieu luaroeaaitic ^uructure,  coaai8t.xab ol b.rbiie tau soi&e 
trt.cea vji t«rritO<    Tue Ai^rostructuro ol pl^io No.  i. ooabisteu o£ corisideriable 
ajBuinae J1 leii ito and bo:.-Dite ouilo ^Aüwe No. xJ sa^wed iYidOOC« ol Inter- 
Juedi4.ce  UMjportiUiri triuiti.'oriübtiiMQ prjduota. 

Mote:    Pnotoaiorobrapaxc «rcrjt uone 1$  \L. Xoil'fc* 

Jj,      MeWxiur^iut.i. ejUiuia-tion indict ted  th-t,   la ^enui-ai,   ta? plates 
were ii»visittatai*ii^  nt-t trc-tud tut la aou.^ Ocica »ere ro^xed frow  «ne 
ae^reboted poi'tioui ^1 the buut wndLn rwsu^teu la ial^rior stee^. qut^-ity. 

a/.£u, 
.Hesearcn Hietaixurgist 

APPKOVEDJ 

N.  A. HATTht.iS 
Jlajor, urd.  oept. 
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J         262        262 2^277 273 277-293 «5 ^7-285 »I 

AX       2^2         262 277-277 277 26^262 ZU 2o>W/7 273 

10      262        262 277-277 277 262-269 266 26^277 273 

6          262         269 285-285 285 285-293 1285 277-285 2» 

54        262          *9 26^277 273 285-285 285 285-285 285 

269 277-277 277 285-285 285 277-285 281 

262 263-277 270 26^-285 277 2^9-277 273 

262 277-277 277 269-277 W *77-2™ 277 

UO      262        262 269-269 269 262-269 m 262-269 266 

I         262         262 277-2- 277 277-285 281 26»-277 273 

5U       262         262 269-277 273 285-285 285 285-285 285 

60      262       262 26^.277 273 277-285 281 269-285 277 

%        262       262 25^262 259 269-277 273 255-262 259 

ZB        269         262 269-269 269 277-285 281 26^-285 277 

33,       262         262 mm 266 277-285 281 26^269 266 

2         262         262 269-269      269 285-285 285 277-277 277 

5,        262         262 26^.269      269 277-285 2»      269-285 277 

IB      .62        262 26^285     277 277-285 211     26^277 273 

269 

262 

262 
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, "*  •««***, 

»o.  3 
Fine elongated nonmetallics asso- 
ciated v/itn zirconiiun nitrides. 

Ho.  %& 
Pronounced segregation of alaalal 
oxide, 

i 

'^o.  1C 
fairly uniform äistri"bution of 
rounded nonmetallic  inclisions. 

f 

Ho.  b 
typical groixo.of elongated noa- 
metallic: a. 

* 

No.   5A Mo.  2G 
typical groop of elongated non- typical continuous series of  eloa- 
metailics. gated nomaetallic inclusions. 

Pnotor.icro.'-r^yiiS were  taken  on nnetcasa longit-iainal  sections at ,a 
sagalfiöatiös of luu diÄaöters, 

FIG. 

-   . ■■:;;..:..      ^i,.-^.-.        ■■-■ 
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Ha. 5 
TyoicpJ.   segregation of elongated. 
iiom.iet.alj.ic s, 

rJo.   Oä 

Typical  segregation  03 
iP-ated noiimetallics. 

lio.  40 
T:/pical   fiiie elongated nomaetallics 
associated with, srnall inclusions. 

Mo.  4 
Typical elongated noraneuallic ?-, 

oioal  c-loiicatea no-aiiietaliics asso-     Xypical   scatter-:-^ 
at   .. '--:'- th   fine lac Li isiaas. 
.cro^rtuus were takäa on yjietci.ea longHraaiaal   sect^o^; 
LCÄtion ol   IOC   .^.^ ;t-..eters. 

F!G    ? 
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lo.   1 
lical  elongated noimetaliics. 'I^pical   elongated aöronetallies, 

No. 3D 
aVpical  fine elongated noimetallies. 

Ko. -^     if,«    »     !f 

(Typical   sti'ealc^of elongated non- 
iaetai.lics. 

Uo.   5B 
Typical  streak of  elongated aon- 
aetallies associated with fine 
inclusions. 

No.   ID 
TjTpical segregation of fin« 
gated nomnetaliics associa1 

zirconium nitride. 

FIG. 3 



No.   3 
fairly uniform spheroid!zed 
soroite -md trace of fexrite. 

SorMte. 
Ho.  10 

ff«       Y& 

No.  b 
SorMte,  trace of ferrite. 

No.  5^- 
SorMte ana trace of ferrite. 

Piiotoaicrograj>hs were takes on picral 
XiÄ^ifieatioii  oi   100 liipu.'.et^rs. 

Jo.  EG 
üorbite and traxse of  ferrite, 

itched, loi.   It -J uil   .   ;;. . 

FlS. 4 

.■.■■■..■■..■■■       ■■       .■ k'^:^j:4':'-'-^   ■ 



fm%mi i«-,-f9«* 
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. a    F «•♦ p g * ..t. |      ^ 3 1/   3';- 11 ^d 

Ars')?  ?iAt?# 

-.;-»._ 

l-4^ 

.     1   ',       /.- 

^1 • / j 

, & -  ^K 

lo.  6 
Sorbite and traee of farrita. 

Ho. UC 
Sorbite ana trace of ferrite. 

■ K i t% 

ft 

■•A-3"«» 

r"P   •: ?  ' 

Mo. m 
Sorbite and trace of ferrite. 

lo. 4 
Sorbite and trace of ferrite, 

; f^: i 

■   ■ 

<  ^«V^v- k v ■•-■.A. 
% . .       .' ;  v" • - 

-- •    V   ' i (*• i    l,: >•»./    , ■   v-. ^, 

No.   !^X 
Sorbite and trace of ferrite. 

Photomicrograpiis woi-e taken on picral 
aagniflcation of 100 diameters. 

J&-     ' '    '     •■ .„■     ■■■■■.. . ■ ■„    ■        i'- ■;.; ■ \ 

-  : ■   - ■;.: ^ 

Ho. bC 
Sorbite and traca of ferrite. 

etched loribitnclinal sections at a 

FIG.  5 

,.,.',  ■ 



Typical  IMlrro«tnirtux<» of "Straight äW«;.   Rolled* 
(Jreat  lake» Ajnaor Platei 

Ho. 1 

farrlta  and »Oi^lta. 

lo.   M) 
Jalrly unlfoni tori)It«. 

Io. 5B 

fairly u&ifozB  •orbit«. 

Io.   22 

TSraco of fonrit« oad «orbltt. 

Mo,   2 
.▼idoac« of   lnt«ra«'(ü«t«  tetuperatorc 
traniformation prodoct«. 

10.  ID 

WTN.639-6024 

Interuadiato  toqparature tr one former 
tloa product a. 

Photciaicrcgrapha X10CX) - Plcral Itch 

FIG.  6 
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